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Introduction
Since the eve of the industrial revolution, there have been a number of major technological breakthroughs. Steam, electricity, internal combustion and information and communication technology (ICT) are only a few examples. One way of distinguishing revolutionary technologies from less important technologies is to use the General Purpose Technology (GPT) concept. According to the GPT framework, whole eras of technical progress are driven by a few GPTs, characterized by pervasiveness, inherent potential for technical improvements and innovational complementarities giving rise to increasing returns to scale (Bresnahan & Trajtenberg 1995) . Even though electrification and the ICT-revolution can be classified as GPTs, there are also differences between the two technologies. For example, electricity is essentially dependent on a fixed grid and a centralized provision structure while ICT is based on a network and decentralized production structure. Moreover, without electrification there would never have been any ICT-revolution since ICT is totally dependent on access to electricity. This paper investigates if there also are important differences in how the two GPTs affected productivity growth.
Several studies have argued that the increased use of electric motors in manufacturing had an important, but delayed effect on productivity growth (Devine 1983; David 1990; 1991) . The impact of ICT on productivity growth has been debated over the last decades.
For a long time, there was little evidence that the use of computers and other ICT 2 equipment had any significant impact on productivity growth. 2 However, since the post 1995 increase in productivity growth in the US economy, there is evidence of increased use of ICT having had positive effects on productivity growth. Several firm-level studies suggest ICT use to have a large economic impact (Brynjolfsson & Hitt 2000) . Moreover, a number of growth accounting studies have shown that the spectacular productivity growth in the US starting in the mid 1990s occurred with the widespread diffusion of ICT in the economy (Oliner and Sicher 2000; Jorgenson and Stiroh 2000) . Nonetheless, there are also studies that are more skeptical towards the economic impact of ICT across industries. Gordon (2000) argues that the revival in productivity growth primarily occurred within durable goods production, particularly in ICT-producing industries. He suggests that the effects of ICT have not been far reaching, but rather concentrated to a few industries of the economy.
A new perspective of the impact of ICT has been to investigate the impact on productivity growth by ICT-producing, intensive ICT-using and less intensive ICT-using industries. 3 According to Stiroh (2002) , industries that made the largest ICT investments in the 1980s and early 1990s have had larger productivity gains after 1995. Stiroh also provides a decomposition of aggregate productivity growth into the contribution of individual industries. The results show that ICT-producing and ICT-intensive using industries accounted for approximately 80 percent of productivity growth in the US economy 1995-2000. Moreover, these industries also accounted for all the direct industry contributions to the US acceleration in productivity growth in 1995-2000, as compared to 1987-1995 . A similar framework is used by van Ark et al. (2003) to show that the key differences in productivity growth between Europe and the US are in intensive ICT-using services.
The findings by Stiroh (2002) and van Ark et al. (2003) raise questions about how important technology-producing, intensive and less intensive technology-using industries were for earlier GPTs. By comparing the impacts of electrification and ICT in the US, Jovanovic & Rousseau (2005) find that electrification was more broadly adopted, while ICT seems to be more technologically revolutionary. However, Jovanovic and Rousseau do not investigate the impact of industries using the new technology more intensely during the two breakthroughs. To my knowledge, no one has investigated the contribution of intensive technology-using industries to labor productivity growth following earlier technological breakthroughs. The primary purpose of this paper is therefore to use the framework provided by Stiroh (2002) and van Ark et al. (2003) to compare the contribution to labor productivity growth by technology-producing, intensive and less intensive technology-using industries following two GPTs, namely electrification and ICT. The object of study is Swedish manufacturing.
The paper consists of two parts. The first part provides a short overview of electrification and the ICT revolution in Sweden. In particular, the diffusion of new technology in manufacturing will be emphasized. The second part uses decomposition methods to investigate the contribution of technology-producing, intensive and less intensive technology-using industries on labor productivity growth during electrification and the ICT revolution. More specifically, the following questions will be addressed:
• How long did it take until the new technology was adopted in Swedish manufacturing during each breakthrough?
• When did labor productivity start to increase in Swedish manufacturing following the introduction of the new GPTs?
• How much did manufacturing industries classified as producers, intensive and less intensive users of the new technology contribute to labor productivity growth following electrification and the ICT revolution in Swedish manufacturing?
To answer these questions, data have been collected from a number of different sources.
Section 2 describes the data and methods used. Section 3 provides a short overview of the diffusion of new technology during electrification and the ICT revolution. Section 4
investigates the contribution to labor productivity growth from technology-producing, intensive and less intensive technology-using industries. Section 5 concludes.
Data and method
Time periods and Data
Time periods
According to Gordon (2006) will be divided into subperiods 1920-30 and 1930-39 , which implies that productivity is measured from peak-to-peak over the business cycle. 5 According to Field (2003) , choosing business cycle peaks for beginning and end points largely controls for the variations in capacity utilization that occur over the business cycle. 6 The productivity analysis for the ICT revolution will be carried out for the period 1993 . According to Statistics Sweden (2005 , 1993 was at the bottom of the Swedish business cycle and 2004 is the last year with available data.
Data on electrification
The data that are used to analyze electrification in Swedish manufacturing are based on primary data collected from the Swedish Official Statistics (Kommerskollegium 1906-5 According to Edvinsson (2005 Edvinsson ( ), 1920 Edvinsson ( , 1930 Edvinsson ( and 1939 were years when the business cycle peaked in Sweden. 6 The period 1920-30 was characterized by an investment boom, while there was an economic downturn in the early 1930s in Sweden. Nonetheless, the Swedish employment growth was positive during the two periods 1920-30 and 1930-39. 5 1939) and the Swedish Statistical Yearbook (1922-42) . The data include figures of primary power capacity in Swedish manufacturing at a very detailed industry level.
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In addition to primary power, the data also include the total capacity of electric motors used in manufacturing and the capacity of "driving generators", i.e. prime movers involved in generating electricity. 8 This makes it possible to distinguish between the primary capacity used for direct drive and the primary capacity used to produce electricity. 9 By dividing the capacity of electric motors by the sum of the capacity of prime movers used for direct drive and electric motors, a measure of the capacity of electric motors used in total mechanical drive is obtained. This measure provides a very good indication of the intensity of electric motors used in each industry. Productivity estimates for manufacturing during electrification are based on data of production value and the number of persons employed provided by Kommerskollegium 7 Primary power is the power produced by prime movers that utilize the potential energy of nature and directly convert it into energy of motion (Du Boff 1979) . 8 In this paper, power capacity is measured in horsepower, where one unit is equivalent to a rate of 550 foot-pounds per second. 9 Those machines run directly by installed prime movers are said to be powered by direct drive. 10 This measure of electric motor intensity cannot be used for the US economy before 1939. The reason is that there are no estimates of driving generators available for this period (Du Boff 1979) . The US data distinguish between primary electric motors and secondary electric motors. Primary electric motors are driven by electricity purchased from utilities outside the manufacturing plant, secondary electric motors are driven by electricity from generators and prime movers within the plant itself. However, the relationship between secondary electric motors and driving generator is difficult to establish and can vary between different industries (Du Boff 1979) . 11 The capacity of electric motors was also reported in 1896, but not for the period 1896-1905. 12 The choice of 1939 as the end year for the investigation is due to the outbreak of World War II and the fact that approximately 90 percent of Swedish manufacturing had been electrified by then. (1920) (1921) (1922) (1923) (1924) (1925) (1926) (1927) (1928) (1929) (1930) (1931) (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) . Price indexes and industry classification are based on Ljungberg (1990) .
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The industry classification includes 32 industries -see table 2. 14 Mining and Power lightning and waterworks are not considered to belong to manufacturing and are therefore excluded. 15 Unfortunately it has not been possible to obtain satisfactory data on capital inputs at the detailed industry level. Thus, it has not been possible to provide estimates of total factor productivity (TFP). Nonetheless, it can be argued that labor productivity is the appropriate measure. According to Stiroh (2002) the primary effect of the use of new technology is likely through traditional capital deepening channels. Hence, in this view ICT is not a special type of capital, but rather a normal piece of equipment that firms invest to raise profits. Thus, in this neoclassical world, TFP gains should only be seen in the production of ICT, where true technological progress allows the production of improved capital goods at lower prices (Stiroh 2002) . It is though important to be aware that spillover effects, i.e. TFP growth in sectors using the new technology, and capital deepening are not directly separated due to data constraints.
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The method used to calculate the contribution of each industry to labor productivity growth requires data on labor compensation (see section 2.2.3). Labor compensation during electrification has been estimated using data on wages and the number of persons employed at the industry level. These data are based on the Swedish Statistical Yearbook and Kommerskollegium (1920-39) . For a detailed description of the sources and underlying assumptions used to estimate labor compensation, see appendix B.
Data on ICT
It has been more difficult to find data on the diffusion of ICT than on the diffusion of electric motors. both manufacturing and services. One major problem with comparing the productivity development during electrification and the ICT revolution is that there are no productivity estimates available for the service sector during electrification. Moreover, the productivity estimates for services are also very uncertain for the ICT revolution due to measurement problems. Therefore, services will only be included to show that the main results of the productivity development during the ICT revolution are robust also when service industries are included (see section 4.3).
Method
Classification of technology intensive industries
To distinguish between industries that were using electric motors more or less intensely during electrification, a similar method as that proposed by Stiroh (2002) and van Ark et al. (2003) 
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There are no estimations of the flow of capital services available during electrification in Sweden. Therefore, the industries with an above median value of the electric motor capacity as a share of total mechanical drive capacity will be defined as intensive users of electric motors. Thus, the measure is a proxy for how much of the total machinery stock that had been electrified at a specific time period. According to David (1990) it was first when approximately 50 percent of the mechanical drive capacity had been electrified that productivity started to increase. In the US diffusion reached this level in the 1920s, however in Sweden the 50 percent level of diffusion was reached already in 1914-15.
Thus, diffusion of electricity in Sweden was more rapid than in the US. Therefore, the average ratio of electric motors and total capacity in mechanical drive in 1914-15 will be used to define which industries that were electric motor intensive. Moreover, the only industry producing electric equipment was Electric machinery and cables. Therefore, it will be defined as the electric motor equipment producing industry.
There are also other possible measures that could be used to measure the intensity of electric motors used in production. It could be argued that electric motors saved energy and that it was therefore possible to increase the power capacity per employee. Hence, electric motor capacity per employee could be another way of measuring electric motor intensity. Why then is electric motor capacity as a share of total mechanical drive capacity to be preferred to other measures? According to David (1991) 3 ). Moreover production value was not available for ISIC 331 and ISIC 313. Therefore, value added growth rates and shares were used to calculate the contribution to labor productivity for these industries.
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(1983), the most important reasons why the introduction of electric motors resulted in productivity gains were:
• Reduced labor requirements for oiling and maintaining the old drive apparatus.
• Better utilization of labor and materials through rationalization, which was made possible due to the greater flexibility of factory lay-outs when the latter were freed from the constraints formerly imposed by the requirement of orthogonal placement of drive-shafts and machinery.
• Improved machine control leading to increases in output and quality, which was achieved by eliminating the problems of belt slippage.
• Savings in fixed capital through lighter factory constructions.
• Decreased losses since the entire power system did not have to be shut down to carry out maintenance and replacement of some of the machinery.
According to David (1991) and Devine (1983) , productivity started to increase primarily because the old machinery was replaced by electric motors. Thus, it was not that each worker got access to more power capacity, but rather the flexibility of electric motors that resulted in increased productivity growth. Therefore, it is necessary to use a measure taking into account how far the replacement process of old equipment had proceeded within different industries to define electric motor intensity.
It is always difficult to establish an exact breaking point for which industries should be classified as intensive electric motor using industries. Therefore, the method favored by Stiroh (2002) will be used, i.e. industries with an above median value of the electric motor capacity as a share of total mechanical drive capacity. This implies that some industries will be classified in different industry groups, even though the difference in electric motor intensity between them is very small (see section 3.3). Daveri (2004) criticizes this arbitrary cut-off point arguing that stricter cut-off points would provide different results. However, since the purpose of this paper is rather to compare the relative importance of intensive and less intensive technology-using industries the cut-off point is valid as long as it is the same for both GPTs.
Problems with measuring power in manufacturing
Section 2.1.2 explained how power capacity would be used to describe the process of electrification in Swedish manufacturing and define which industries were intensive users of electric motors. Nevertheless, there is one major problem with using capacity data to analyze electrification. Horsepower capacity does not necessarily reflect the work output,
i.e. the amount of useful work actually done by a prime mover or electric motor.
It is likely that the full capacity of electric motors or other prime movers was never utilized. Moreover, the rates of capacity utilization vary between different power sources.
According to Du Boff (1979) , the capacity utilization of electric motors was lower as compared to steam engines. The decentralization process following electrification meant that a few steam engines would be replaced by tens or hundreds of electric motors, each powering an individual machine. It is likely that the combined power capacity of these motors would be greater than the steam power they replaced. Hence, capacity would increase, while the horsepower work output would remain the same. However, estimates by Du Boff (1979) show that these effects were decreasing as the utilization of electric motors increased over time, due to better organization of the production process.
It is important to be aware of the caveats associated with the use of power capacity to analyze electrification. Still, since there are no data available on work output during electrification, data on power capacity remain the best estimates available to analyze the electrification process over time.
Industry contribution to aggregate productivity growth
There are a number of different methods available for measuring the contribution of each industry to aggregate productivity growth (see Domar (1961) , van Ark et al. 2003; Stiroh 2002; OECD 2001) . Here, the method recommended by OECD (2001) is used.
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Labor productivity, LP for industry i is given by the relation: where w i is labor compensation in industry i.
It then follows that aggregate labor productivity growth is defined as the difference between aggregate growth in value added and aggregate growth in labor input, 20 The estimation of labor input in 1920-39 is described in appendix B.
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(4) Thereby, the contribution of industry i to aggregate labor productivity growth is
or the difference between its contribution to total value added and total labor input. Another way of representing equation (4) is by decomposing it into a weighted average of industry-specific productivity growth and a reallocation term R R dt
(
The reallocation term R will be positive if an expanding industry (i.e. an industry with an increase in labor input) holds a share in output exceeding its share in labor compensation.
This implies that this industry has a higher than average level of labor productivity. A shift of resources to industries with higher levels of productivity implies an increase in aggregate productivity growth (OECD 2001) . However, if an expanding industry holds a share in labor compensation exceeding its share in output, the industry has a lower than average level of labor productivity and the shift of resources will then imply a decrease in aggregate productivity growth.
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There are no value added data available at the most detailed industry level for the period 1920-39. Therefore, labor productivity estimates during electrification will be based on production value. The use of production value at the industry level implies problems of double counting of intermediary inputs. This means that production value does not only include final output, but double counts those intermediate inputs produced within the industry that are used internally. 21 It is possible that productivity in manufacturing increases because firms with lower than average productivity growth are shut down. If the released employees are then not used in production processes with higher productivity growth, the growth rate of GDP per capita in the total economy will decrease, even though productivity growth in manufacturing increases.
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As pointed out by Bailey (1986) , this problem is very large at the aggregate level, but decreases at the disaggregated industry level. Hence, Bailey (1986) argues that to analyze productivity within manufacturing, it is possible to use either production value or value added. Moreover, to avoid double counting as far as possible, only production value based on the sales values of the final products was used to estimate productivity growth.
To make the comparison of productivity growth following the two technological breakthroughs as accurate as possible, production value will also be used to estimate productivity growth following the ICT revolution.
Diffusion of electric motors and ICT in manufacturing 3.1 Electrification in manufacturing
Electricity and electric motors were first introduced in Swedish manufacturing during the 1880s. The first users of electricity were the industrial sector and urban households (Kander 2002) . In manufacturing, electricity was first used to illuminate factories. But, as the performance of electric motors was improved, they were increasingly used in the manufacturing process (Schön 1990; Norgren 1992) . The first electric motors were constructed for direct current. However, as the advantages of transmitting electricity, in the form of alternating current, became evident in the 1890s, the alternating current electric motor came to dominate the market.
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In 1896, the capacity of electric motors as a share of total mechanical drive was 2.7
percent.
23 Figure 1 shows the capacity of electric motors, steam power, water power and gas and petrol engines as a share of the total capacity used for mechanical drive in . According to figure 1, the share of electric motor capacity used for mechanical 22 The first transmission of electricity in Sweden over a longer distance was carried out between Hellsjön and Grängesberg in 1893 (Hjulström 1940) . Nonetheless, it took a long time until more than 50 percent of the mechanical drive had been electrified in Swedish manufacturing. 23 The first statistics of the capacity of electric motors is from 1896. For the period 1897-1905, the capacity of electric motors was not reported in the official statistics. This implies that consistent figures are only available for the period 1906-1939. drive increased steadily over time. In 1906, 18.6 percent of the mechanical drive in Swedish manufacturing was performed by electric motors, while the corresponding figure in 1939 was 88.9 percent. Hence, Swedish manufacturing was electrified very rapidly in the early twentieth century. According to Devine (1983) , the first electric motors used in production just replaced steam engines and water wheels. A further step was to connect a single electric motor to each machine. This unit drive system resulted in increased flexibility of the production process. According to Schön (1990) , the unit drive system was implemented in most Swedish factories in the 1920s. 1 9 0 6 1 9 0 8 1 9 1 0 1 9 1 2 1 9 1 4 1 9 1 6 1 9 1 8 1 9 2 0 1 9 2 2 1 9 2 4 1 9 2 6 1 9 2 8 1 9 3 0 1 9 3 2 1 9 3 4 1 9 3 6 1 9 3 8
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Source: Kommerskollegium (1906-39) and own calculations.
ICT in manufacturing
In 1947, Bardeen, Brattain and Shockley invented the transistor, which became the basis for numerous electronic innovations. Some examples are the integrated circuit and the microprocessor. Jovanovic & Rousseau (2005) date the arrival of ICT with Intel's invention in 1971 of the "4004" microprocessor. Unfortunately, no considerable amount of data is available on the diffusion of ICT in Swedish manufacturing before the 1990s.
Thus, it will be difficult to provide a thorough analysis of the diffusion of ICT in Swedish manufacturing in . Nonetheless, the data available will provide some insights into the diffusion of ICT in Swedish manufacturing. 24 In 1906, Swedish official statistics do not distinguish between primary power used for driving generators and mechanical drive for petrol and gas engines. Therefore, it has been assumed that petrol and gas engines had the same share of driving generators and mechanical drive as in 1907. 25 The change in the methodologies of collecting data for Swedish national accounts seems to have resulted in a sharp increase in the use of hydroelectric power in 1912-13. The reason might be the revision of the Swedish industry classification in 1913 (see appendix A). There are no data available on the use of computers in Swedish enterprises before 2000.
The reason for this is that Statistics Sweden did not investigate the use of ICT in Swedish firms before 2000. integrated in the production process of Swedish manufacturing firms. However, due to lack of earlier data, it is difficult to document how rapid the diffusion process was. Employees using computers n.a n.a n.a 63 
Defining industries that were intensive users of new technology
Section 3.1 documented how rapidly Swedish manufacturing was electrified during the first decades of the twentieth century. However, to identify which industries were intensive users of electric motors, it is necessary to also investigate the electrification process at more disaggregated industry levels. Section 2.2.1 defined intensive electric motor using industries as industries with an above median value of the average electric motor capacity as a share of mechanical drive in 1920-39. David (1990) it was first when approximately 50 percent of the mechanical drive capacity had been electrified that productivity started to increase. In Sweden the 50 percent level of diffusion was reached in 1914-15 (see figure 2) . 28 Electric machinery and cables is defined as the electric motor producing industry (see section 2.2.1). Table 2 shows that the difference between some of the industries classified as intensive and less intensive technology-using industries can be small. However, the average electric motor 29 One reason that Grain mill products were late in adopting electric motors could be that the torque curve for steam engines were quite steep and electric motors with the same torque curves were very expensive.
capacity as a share of total capacity of mechanical drive is quite large between the two different industry groups. Therefore, it is of interest to investigate whether the contribution to labor productivity growth differs between intensive and less intensive technology-using industries following electrification.
Since there are no data on the ICT capital stock available for Swedish manufacturing at a disaggregated level, it has not been possible to define which industries that are intensive users of ICT in Sweden. Therefore, the classifications pioneered by Stiroh (2002) and will be used. This implies that the classification is based on data of US capital services flow. However, according to van Ark et al. (2003) , ICT intensive industries in the US are also ICT intensive in some EU countries. 30 Hence, it is reasonable to believe that the US ICT diffusion could also be used as a measure of ICT intensity in Swedish industries. Table 3 presents the ICT-producing, intensive and less intensive ICT-using industries for Sweden based on van Ark et al. (2003) . 31 Since the ICT-producing industries also are intensive users of ICT there will be more less intensive using industries than intensive using industries 30 van Ark et al. (2003) use rank correlations between the intensity of IT investments by industry to test whether ICT-intensive industries in the US are also ICT intensive in France, Germany, the Netherlands and the UK. Overall, the rankings suggest that the intensive ICT-using industries are similar across countries. 31 The classification by van Ark et al. (2003) has been used since it is based on ISIC classification instead of US industry classification, which is used by Stiroh (2002) . Table 3: ICT-producing, intensive ICT-using and less intensive ICT-using industries in manufacturing Source: van Ark et al. (2003) .
Productivity growth in Sweden
Section 3 showed that electric motors diffused rapidly in Swedish manufacturing in the early twentieth century. Moreover, ICT capital as a share of the total capital stock increased from 8.6 to 11.6 percent in manufacturing in [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] . This section will focus on how large the productivity effect was from technology-producing, intensive and less intensive technology-using industries during electrification and the ICT revolution. Annual labor productivity growth in 1920-30 was 3.9 and 4.2 percent, depending on whether production value or value added is used to measure labor productivity. The US experienced similar increases in labor productivity growth in manufacturing during the 1920s (Kendrick 1961; David 1990; 1991) . During the 1930s, productivity growth in Swedish manufacturing slowed down. Annual productivity growth in manufacturing was 2.4 and 2.5 percent in 1930-39, based on production value and value added, respectively. Annual labor productivity growth for this period was 5.8 and 6.2 percent, depending on whether value added or production value is used to measure labor productivity. For the US economy, there was an increase in productivity growth beginning in the third quarter Table 4 shows that the largest productivity growth rates in Swedish manufacturing took place in the 1920s and the 1990s for the different periods investigated. This was long after the introduction of electricity and computers in manufacturing. Thus, aggregate productivity growth increased long after the introduction of new technology for both breakthroughs. But, did the contribution to labor productivity growth differ between technology-producing, intensive technology-using and less intensive technology-using industries during the two breakthroughs?
The contribution of different industry groups
Electrification
Tables 5 and 6 show the impact of the electric motor producing, intensive and less intensive electric motor using industries on productivity growth in Swedish manufacturing in 1920-39. Note: Labor productivity is defined as production value per person employed.
Source: Kommerskollegium (1920-30) and own calculations.
According to table 5, the annual contribution of the electric motor producing industry was 0.15 percentage points of the annual labor productivity growth of 3.93 percent in 1920-30. The corresponding figures for the intensive and less intensive electric motor using industries were 1.91 and 2.20 percentage points. Thus, the less intensive electric motor using industries contributed more to productivity growth than intensive using industries.
Productivity growth for intensive electric motor using industries was 4.3 percent, compared to 4.1 percent for less intensive electric motor using industries. Hence, productivity growth was slightly higher in industries using electric motors more intensively. 34 Moreover, productivity growth in the electric motor producing industry was 6.6 percent. Thus, the electric motor producing industry had a higher productivity growth than the intensive and less intensive electric motor using industries.
Oil and fat, Primary nonferrous metals and Soap and glycerine cleaning and polishing had the highest annual productivity growth in 1920-30. However, the industry contributing most to labor productivity growth was Pulp, paper and paper board with an annual contribution of 0.85 percentage points in 1920-30. Printing and publishing, Other provisions and Footwear except rubber had the lowest productivity growth in 1920-30.
Moreover, the reallocation term was negative for all three different industry groups.
Thus, on average, labor input increased in sectors with a lower level of labor productivity growth. However, the combined effect of the reallocation term was quite small as compared to the industry-specific contribution (see table 5 ).
34 A simple OLS regression has been run where the dependent variable is labor productivity growth and the independent variable a dummy taking 1 for electric motor intensive industries and 0 for other industries. The results show that labor productivity growth does not differ significantly in intensive electric motor using industries compared to less intensive electric motor using industries. Note: Labor productivity is defined as production value per person employed.
Source: Kommerskollegium (1930-39) and own calculations.
According to table 6, the contribution from the electric motor producing industry was 0.05 percentage points of the annual productivity growth of 2.37 percent in 1930-39. The corresponding figures for intensive and less intensive electric motor using industries were 0.98 and 1.41 percentage points. Once again, less intensive electric motor using industries contributed more to productivity growth than intensive electric motor using industries.
Moreover, annual labor productivity growth was 3.0 percent for industries using electric motors less intensively as compared to 2.2 percent for intensive users of electric motors.
Productivity growth in the industry producing electric motors was 3.0 percent.
Primary nonferrous metals, Rubber products and Soap and glycerin cleaning and polishing had the highest annual labor productivity growth rates. Pulp, paper and paper board continued to contribute most to labor productivity growth in Swedish manufacturing in 1930-39. Moreover, Oil and fat, and Spirits and Lumber products had the lowest labor productivity growth in 1930-39. The reallocation term was small in relation to the industry-specific contribution. However, for some industries, such as Machinery and equipment, the reallocation term was quite large. Table 7 shows the contribution of ICT-producing, intensive and less intensive ICT-using industries to annual labor productivity growth in Swedish manufacturing in 1993-2004.
The ICT revolution
The annual contribution of ICT-producing industries to labor productivity growth was 2.18 percentage points of the annual productivity growth of 5.78 percent in manufacturing. The corresponding figures for intensive and less intensive ICT-using industries were 0.80 and 2.88 percentage points. Labor productivity growth was 16.0 percent for ICT-producing industries as compared to 3.6 and 4.2 percent for intensive and less intensive ICT-using industries. Moreover, the reallocation term was quite small for all three different industry groups. from the less intensive technology-using industries was considerably larger than its relative size. Thus, the relative contribution from the less intensive electric motor producing industry was primarily due to a higher than average productivity growth. Note: Labor productivity is defined as production value per person employed in 1920-39 and production value per person engaged in 1993-2004. The relative size is an equal weighted average of the average relative share of production value and labor compensation for each industry. To make comparisons possible, residuals have been excluded from the relative contribution.
Comparing electrification and the ICT revolution
Sources: Kommerskollegium (1920-39) , KLEMS (2007) and own calculations.
The relative contribution from the ICT-producing industries was 37.2 percent in 1993-2004. While the corresponding figures for intensive and less intensive ICT-using industries were 13.7 and 49.2 percent. The contribution from less intensive ICT-using industries can be explained by its relative large size and not primarily by a considerably higher productivity growth. However, the contribution from the ICT-producing industries was considerably larger than its relative size. Moreover, in relative terms the ICT producing industry contributed more than 17 times as much to productivity growth in 1993-2004 compared to the electric motor producing industry in 1930-39. However, the ICT-producing industries was only 3 times as large as the electric motor producing industry in relative terms. Hence, the relative contribution of the technology-producing industry was considerably larger during the ICT revolution as compared to electrification.
One reason to the high productivity growth in the ICT-producing industries is that the RTC industry had a much higher productivity growth than Electric machinery and cables.
Productivity growth in the Swedish RTC industry was 24.6 percent in 1993-2004, while 30 the corresponding figure for Electric machinery and cables was 6.6 and 3.0 percent in 1920-30 and 1930-39, respectively. Another difference between electrification and the ICT-revolution is that the contribution to productivity growth from the intensive technology-using industries during electrification was considerably larger than during the ICT-revolution. However, most of the difference can be explained by the relative small size of the intensive ICT-using industries. Thus, the difference is not explained by a major difference in productivity growth during the two GPTs. As pointed out by Daveri (2004) , the way technologyintensive industries are classified can have large impacts on the results depending of the size of different industry groups. Nonetheless, the results presented in table 8 clearly
show that the technology-producing industry was considerably more important for productivity growth during the ICT revolution despite its size effect.
According to Pilat & Devlin (2004) , the share of ICT-producing industries is relatively large in Sweden compared to many other countries. This raises questions of whether the large contribution to labor productivity growth of the ICT-producing industries is an exclusively Swedish phenomenon or if ICT-producing industries have contributed substantially to labor productivity growth also in other counties? Table 9 shows labor productivity growth, contribution and relative contribution to labor productivity growth from each industry group in France, Germany, the UK and the US. Total manufacturing 100 100 100 100
Note: Residuals have been excluded from the relative contribution. Labor productivity growth is defined as value added per person engaged. National deflators are used for all industries including the ICT-producing industries.
Source: KLEMS (2007).
According to table 9, the only country where the contribution of ICT-producing manufacturing to labor productivity growth was higher than in Sweden, in absolute terms, table 7 ). 36 Even though the contribution of the ICT-producing industries to labor productivity growth, in absolute terms, is lower in the other three European countries, the relative contribution is quite high for these countries. According to table 9, the relative contribution was 32.6, 21.9
and 19.5 percent in France, Germany and the UK, respectively. Hence, the ICT-32 producing industries accounted for a large part of labor productivity growth in manufacturing in these countries.
Services
So far, this paper has focused on productivity growth in manufacturing. The primary reason for this is that there are no reliable estimates of productivity growth for the service sector during electrification. Moreover, characteristics of services tend to change frequently and services are often tailored to each customer's individual needs. Thus, it is very difficult to measure the quality improvement of services and productivity measures of services are therefore often questioned. Nonetheless, in 2004, the production value of the service sector accounted for 51 percent of the production value of the total Swedish business sector. The corresponding figure for manufacturing was 39 percent. Thus, despite the difficulties in measuring productivity in services, it is important to use the available data to test whether the same conclusions about the productivity growth pattern are valid also when productivity estimates for services are included. According to table 10, US labor productivity growth was higher in the intensive ICTusing industries, compared to the corresponding industry in Sweden. Labor productivity growth in Swedish and US intensive ICT-using industries was 1.9 and 3.4 percent, respectively. Moreover, annual Swedish labor productivity growth was 10.1 percent for ICT-producing industries compared to 7.2 percent for the corresponding industry in the US. Moreover, Swedish labor productivity growth was higher than that in the US in less intensive ICT-using industries. Altogether, annual productivity growth in the Swedish and US business sector in 1993-2004 was 2.74 and 2.32 percent, respectively.
In absolute terms, the contribution to labor productivity growth was 1.11 percentage points in US intensive ICT-using industries, while the corresponding figure for Sweden was 0.46 percentage points. Hence, the relative contribution of intensive ICT-using industries was 38.8 percent in the US compared to 14.8 percent for Sweden. However, the relative contribution from ICT-producing industries was higher in Sweden compared to the US. Total business sector 100 100
Note: Residuals have been excluded from the relative contribution. Labor productivity growth is defined as production value per person engaged. National deflators are used for all industries. The definitions of ICTproducing industries, intensive and less intensive ICT-using industries are based on van Ark et al. (2003) .
Sources: KLEMS (2007).
These results correspond well with the findings of van Ark et al. (2003) which investigate the differences in service sector productivity growth between the US and EU-countries.
According to van Ark et al. (2003) , the largest difference between Europe and the US can be found for ICT-intensive services in 1995-2000. This can be explained by a much higher productivity growth for US Retail and wholesale trade and Financial services compared to the corresponding industries in most EU-countries. Table 10 shows that the contribution of ICT-producing manufacturing industries to labor productivity growth remains very high both in Sweden and the US when services are included. The relative contribution to labor productivity growth from Swedish ICTproducing industries was 32.6 percent of the total business sector, while the corresponding figure for the US was 22.6 percent. Hence, even when services are included, the contribution to labor productivity growth of the technology-producing industry is considerably higher during the ICT revolution than during electrification in Sweden in 1920-39.
Measurement errors
In section 4.2, it was shown that productivity growth was higher in ICT-producing industries in the 1990s compared to productivity in the industry producing electric motors in 1920-39. One of the reasons for this is the tremendous improvement in the technology of ICT products since the introduction of the microprocessor in the 1970s. According to many empirical observations, the number of transistors per square inch of an integrated circuit has doubled every 18 months since the 1970s. 37 To capture the fast quality improvements of ICT products, many statistical agencies started to use hedonic price indexes for ICT products in the 1990s. 38 The hedonic methodology is extensively used for ICT products in the US, while European countries have been slower in adopting hedonic methods (van Mulligen 2003) . In Sweden, hedonic price indexes are used for imported PCs, but not for telecommunication equipment products.
37 This empirical observation is often refereed to as Moore's law after the co-founder of Intel Gordon E. Moore. 38 A hedonic price index is a price index making use of a hedonic function. A hedonic function is a relation between the prices of different product models, such as the various models of personal computers, and the quantities of characteristics in them (Triplett 2004) . What would the effect on labor productivity be if these price indexes were used to calculate labor productivity growth for Electric machinery and cables (1)? (1) increases from 6.6 percent to 9.0 percent, when hedonic price indexes are used. Note: Electric machinery and cables (1) consists of Electric machinery (1a) and Cables and electronic apparatus (1b). †The productivity growth estimates for Electric Machinery (1a) are based on hedonic price indexes provided by Edquist (2005b) , while the estimates for Cables and electronic apparatus (1b) are based on matched model price indexes provided by Ljungberg (1990) . The price index for Cables and electronic apparatus (1b) is an equally weighted price index of two different electric cables, named OVI and HVG (see Ljungberg 1990 p. 319) .
Sources: Ljungberg (1990) , Edquist (2005b) and own calculations.
Nonetheless, the increase in contribution and relative contribution to labor productivity growth is moderate. The relative contribution increases from 3.4 percent of annual total labor productivity growth to 4.8 percent when hedonic price indexes are used for Electric machinery. The corresponding figure for the ICT-producing industries was 37.2 percent 40 The price index of cables and electronic apparatus is based on the price development of two different cables, named OVI and HVG (see Ljungberg 1990 ). The two price indexes have been equally weighted.
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in 1993-2004 (see table 8 ). Hence, the relative impact of the technology-producing industry on labor productivity growth was considerably higher during the ICT revolution than during electrification, even when hedonic price indexes are used.
Conclusions
Swedish manufacturing was rapidly electrified in the early twentieth century. In 1906, electric motors accounted for 18.6 percent of the mechanical drive capacity in Swedish manufacturing, while the corresponding figure in 1939 was 88.9 percent. Hence, the share of thermal and hydroelectric power used for mechanical drive decreased as steam engines and water wheels were transformed into driving generators. These findings support earlier investigations of the diffusion of electricity in Swedish manufacturing (see Hjulström 1940; Schön 1990 ). However, horsepower capacity does not always reflect the work output and therefore, it is likely that the electrification of manufacturing was not as rapid as suggested by Swedish capacity data. According to Du Boff (1979) , the capacity utilization of electric motors was lower compared to steam engines. Hence, there is reason to believe that the electrification of the direct mechanical drive in Swedish manufacturing was somewhat slower in terms of capacity utilization. According to Devine (1983) and David (1991) , the replacement of old production by installing electric motors resulted in a number of productivity enhancing opportunities.
To measure the contribution of each industry to labor productivity growth, the decomposition method recommended by OECD (2001) was used (see section 2.2.3).
Annual labor productivity growth in the electric motor producing industry was 6.6 and The relative contribution to labor productivity growth in manufacturing from the electric motor producing industry was only 3.4 percent compared to 45.0 and 51.6 percent for the intensive and less intensive electric motor using industries in 1920-29. In 1930-39, the relative contribution decreased to 2 percent for the electric motor producing industry. The relative for intensive and less intensive using industries was 40.2 and 57.8 percent in 1930 -39. In 1920 , the difference in size and contribution between the different industries was small. However, in 1930-39 the relative contribution to productivity growth was larger than the relative size of the less intensive electric motor using industries, indicating a higher productivity growth rate.
For the ICT revolution, annual labor productivity growth was 16.0 percent for the ICTproducing industries, compared to 3.6 and 4.2 percent for the intensive and less intensive ICT-using industries in 1993-2004. The relative contribution to labor productivity growth in manufacturing was 37.2 percent for the ICT-producing industries. The corresponding figures for the intensive and less intensive ICT-using industries were 13.7 and 49.2 percent. Both the intensive and less intensive ICT-using industries contributed less to productivity growth compared to their size in relative terms. However, the ICTproducing industries contributed considerably more to productivity growth compared to its relative size. Thus, the relative productivity effect from the ICT-producing industries was largely due to a considerably higher productivity growth in this industry.
The comparison of productivity growth following electrification and the ICT revolution
show that the impact of the technology-producing industry in manufacturing was considerably larger following the ICT revolution compared to electrification. The contribution from the ICT-producing industries to labor productivity growth is considerably larger also when the relative size is taken into account. In relative terms the ICT-producing industries contributed more than 17 times as much to productivity growth in 1993-2004 compared to the electric motor producing industry in 1930-39. However, the size of the ICT-producing industries was only 3 times as large as the electric motor producing industry in relative terms. The ICT-producing industries also contribute considerably to productivity growth when other countries are investigated and services are included. Moreover, the contribution of the electric motor producing industry to labor productivity growth remains small when hedonic methods are applied.
The results for the technology producing industry indicate that there are important differences in how different GPTs affect productivity growth. The rise in productivity growth due to electricity was the greater flexibility of electric motors. The technological development in the electric motor industry never had a large impact on the whole productivity growth. However, the rapid technological development within the ICTproducing industries themselves has been important for productivity growth during the ICT-revolution. Thus, ICT seems to have affected productivity growth both through more flexibility in the production process, but also through rapid innovation in its own technology that have resulted in a larger technology producing sector with higher productivity growth than the electric motor producing industry.
This paper has also shown that the relative contribution of the intensive technology-using industries was considerably higher during electrification. However, the effect is much smaller when the relative size is taken into account. This raises questions whether the method based on the median threshold used by Stiroh (2002) and van Ark (2003) is the best way to separate in which sectors that ICT have had the largest effect. As pointed out
by Daveri (2004) setting the arbitrary cut-off point stricter would provide different results. Nevertheless, the results presented here show no evidence that industries that were early adopters of electric motors and ICT, on average would have contributed more to productivity growth. Thus, it is possible to argue that the effects of new technology on productivity growth are dependent on complementary innovations. According to Goldfarb (2005) these co-innovations are often sector specific and appear at different times. This is a possible explanation why there is no indication that early adopters of GPTs to a larger extent contribute more to productivity growth than late adopters.
Appendix Appendix A: The revision of Swedish industry classification in 1913
The revision of the Swedish industry classification in 1913 implied a number of major changes. These are listed below.
1. Mining is included in the official statistics.
2. The following new groups of industrial facilities are included: Dairy, Waterworks and Repair shops for the Swedish state owned railway company.
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3. Only industrial facilities with a) more than 10 persons employed and b) with a production value of more than 10 000 SEK or a value added of 3000 SEK are included in the official statistics.
4. Different products produced within the same facility are reported separately.
5.
A new classification system is used, where production value is reported at a more aggregated level than before.
6. Production value is reported either as sales value of final products in each industry or the sum of the value of the final products and the intermediary products produced. According to Kommerskollegium (1920-39) , individuals employed can be divided into workers and administrative staff.
The SSY presents wages for workers in each industry. According to the SSY, wages differed widely depending on whether the workers were male, female or individuals aged below 18. 43 The share of each worker category in total employment is used to weight the wages in each industry. The weighted wages are added to arrive at an average annual wage for each industry. Finally, the average annual wage in each industry is multiplied by the total number of workers employed in that industry. Thus, total labor compensation for workers is estimated for each industry. 42 In this paper, the production value based on the sales values of the final products has been used to avoid double counting to the largest possible extent. 43 The wage of female workers was only approximately 60 percent of that of male workers throughout the period 1920-39. Moreover, for many industries, wages are only available for male workers. For these industries, it is assumed that the proportional wage difference between male, female and individuals aged below 18 is the same as for total manufacturing.
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For administrative staff, there are no wages available for different industries and gender.
Instead, SYY presents estimates of different wages for three different categories of administrative staff, namely engineers, clerks and sales clerks. According to Kommerskollegium (1920) , there is also another group of administrative staff namely management. Unfortunately, there are no wages available for managers and they are therefore excluded. Finally, total labor compensation for workers and administrative staff is added for each industry.
